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Tenth International Specialty Conference on Cold·formed Steel Structures
St. Louis, Missouri, U.S.A., October 23-24,1990

SAFETY INDEXES FOR SHEAR-BOND FAILURE
OF COMPOSITE SLABS
by

Laurence A. McCuaig* and Reinhold M. Schuster**

SUMMARY
Limit States Design (LSD) has become the common governing design philosophy
with Canadian structural design codes and standards. Recently, in the United States,
load and resistance factor design (LRFD) criteria have been introduced to the structural hot-rolled design community. Both LSD and LRFD are probability-based design
philosophies, resulting in a more uniform degree of structural safety. Associated with
this philosophy is the selection of resistance factors and their corresponding safety
indexes obtained from calibrations. This paper presents the calibration results of the
shear-bond mode of failure of composite slabs. Based on the load factors given in the
National Building Code of Canada (NBCC) 1985, existing available data was used to
establish a number of different shear-bond resistance factors for a range of appropriate
safety indexes. Based on this study, a shear-bond resistance factor of 0.7 was found
to give an average safety index of 3.71 for a dead load factor of 1.25, a live load factor
of 1.5, and the range of loadings adopted in this study.

*Manager, Building Science Division, Trow Consulting Engineers, Kitchener, Ontario,
Canada.
** Associate Professor, Department of Civil Engineering, University of Waterloo,
Waterloo, Ontario, Canada.
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INTRODUCTION

Code calibration is the process of selecting the parameters of a design method to achieve a
stated objective. Research has shown that the traditional safety factor is an inadequate measure
of safety and that reliability-based design provides a better approach to code calibration [1]. The
primary objective of this investigation was to calibrate the safety indexes for the shear-bond
mode of failure in composite slabs. In essence, this requires the selection of the resistance factor
in Limit States Design which achieves the target reliability.
Two different shear-bond expressions were used in a comparison study of safety indexes,
one taken from the Canadian Sheet Steel Building Institute (CSSBI) Document S3-88 on the
"Criteria for the Design of Composite Slabs" [2,3] and the other taken from the American
Society of Civil Engineers (ASCE) Standard entitled "Specifications for the Design and Construction of Composite Slabs" [4].
Limit States Design

Limit States Design (LSD) is being used for design of steel and concrete structures as an
alternative to the traditional working stress approach. The LSD format separates the code
parameters which account for the uncertainties associated with the determination of loads and
strengths in different limit states of a technology. The loads and strengths specified in LSD are
factored according to their probability of occurrence. Allen [1] found that by standardizing in
this way, more consistent safety can be achieved for various load combinations and combinations of materials than are afforded by existing rules. As a result, it is possible to make material
savings in cases where previous rules had been overly safe and to make other significant savings
for types of buildings which have a reduced danger to human safety.
The limit states design criteria in accordance with the National Building Code of Canada [5] can
be stated as follows:
Factor Resistance ~ Effect of Factored Loads
<»R ~ aDD +')'Ijf(aLL + aQQ + fNrT)

where D,L,Q and T refer to dead, live, wind (or.earthquake) loads and imposed deformation
(temperature, etc.) and R is the calculated or nominal resistance. As can be observed from this
expression, instead of the traditional single factor of safety assigned to a material strength, LSD
uses different load factors, a load combination factor and an importance factor in the determination of the factored loads, which are defined as:
Load factor (a) to take into account the variability of the loads.
Load combination factor (\jf) which is applied to the loads other than the dead load to take
into account the reduced probability of extreme loads from different sources occurring
simultaneously.
Importance factor (y) which is applied to the loads other than dead loads to account for the
consequences of collapse as related to use and occupancy of the building - i.e., danger to
human safety and economic loss.
Resistance factor (<») which is applied to the material or structural resistance to take into
account variability of material properties, dimensions, workmanship and type of failure, as
well as uncertainty in the prediction of resistance.
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Probabilistic Structural Design

Structural design is the utilization of information concerning the strength or behaviour of materials as the basis for making decisions regarding member sizes, connections, etc., in order to meet
objectives such as support of loads and enclosure of space with adequate serviceability, safety,
and economy. There are two main aspects of design in this definition:
(1)

'Information about the strength and behaviour of materials'
This information is subject to a degree of uncertainty, incompleteness, and variability,
hence, it is appropriate to model the information using probability and statistics. It'is
essential that the information be gathered with careful attention to its random nature.
(2) 'Structural design decisions'
The decision process is based on probabilistic information and has possible conflicting
objectives of safety and economy. Because of the large consequences of inadequate safety,
it is codified. This leaves the structural design as a decision process that uses deterministic
strength and behaviour information together with constraints on allowable stresses for the
development of economical solutions. As a result the probabilistic portion of the structural
design decision process is the responsibility of the code writing bodies.
The major aspect of probabilistic design involves the measurement of safety. The only real
measure of safety is the rate of failure of structures in service. For design purposes the ideal way
to measure and specify safety is the probability of failure in a specified time period, e.g., service
life of the building; however, this cannot be estimated with precision, and is difficult to interpret.
A pure probability theory approach to design is therefore not practical. The quality of information is poor in most cases; thus, the mathematical models to calculate probabilities are misleading. The small probabilities of failure required of structures often make comparisons meaningless if the comparison is based directly on probabilities. These difficulties have led to the
development of other approaches to design and measurement of safety.
First Order· Second Moment Approach

The first order - second moment approach was initially proposed in North America by Cornell
[6]. It uses first order approximations in the mathematics and up to second moment characterizations of the probability models. The following is a discussion of this approach and is based on
a report by the Canadian Standards Association/National Building Code Joint Liaison Committee on Limit States Design [7].
In this method the measurement of safety is related to what is defined as the 'safety index',
which is a calculated logarithmic type measure of safety. Since the safety of a structure (Le.,
probability that it will not fail during a given period of time) is nearly 1.0, then it is more convenient to relate the safety index to the probability of failure, a number close to zero, hence, the
safety index is determined as follows.
As shown in Figure I, the load effect is represented by a random variable, S, with probability distribution curve fs, while strength is represented by a random variable, R, with probability
distribution curve fro The probability of failure is the probability that S is greater than R. If R
and S are normal or lognormal, it is possible that
(1)

In general, the probability of the event given by Equation (1) requires numerical integration.
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However, a close approximation can be achieved by replacing the actual probability distributions
with nonnal curves that fit in the significant tails, i.e., in the upper tail of S and in the lower tail
of R. This can be achieved by choosing a design point S* = R* corresponding to the factored
load and factored resistance in limit states design, and making the probability density and .tail
area (cumulative probability) of the nonnal curves at this point equal to those for the actual distributions (see Figure 2). These equivalent nonnal curves are denoted by the means 8 andR and
standard deviation as and aR. Since 8 and R are statistically independent and nonnal, the distribution of Z is nonnal with the mean equal to:

Z=R-8
and the standard deviation

az = ...jal + ai
As shown in Figure 3, the probability of failure is the area of the tail of the nonnal curve of Z
below zero, and is detennined from the nonnal probability table by the number of standard deviations, /3 from zero to Z:

/3- Z _ R -8
- az The measure

...jal + ai

(2)

/3 is called the safety index and is taken as the measure of safety.

In the case where resistance and load effect are represented by lognormal curves,
Z=lnR-ln8.
If the coefficients of variation Vr and Vs are less than 0.3, the safety index can be approximated by,

/3-

In(RIS)

- ...jvl+ vi

(3)

If the original distributions of R and S are nonnal or lognonnal, Equations (2) or (3) can be
applied directly without fitting nonnal distributions to the significant tails. In most cases, there
are more than two simple random variables, Rand S. Different loads, each with their own probability curve and duration, are combined and the resistance is dependent on different material
strengths and dimensions, each with their own probability curve. In addition, there are uncertainties associated with the structural analysis and with the design equations for resistance. An
attempt must be made to account for these uncertainties in selecting an appropriate resistance
factor. Code calibration techniques allow design parameters such as load and resistance factors
to be related to the safety index, /3.

COMPOSITE SLAB DESIGN
General Information
Floor slabs composed of cold fonned steel-deck panels are widely used in buildings where
the main framing is either of steel or concrete construction. This type of construction combines
the structural properties of concrete and fonned steel decking in a light weight composite slab
system. Such composite slabs have a number of advantages:
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(1)

The steel deck serves as a working platfonn to support construction loads and as fonnwork
for the wet concrete. This eliminates the need for temporary fonns and falsework, which
saves construction time and costs.

(2) The steel deck acts pennanentiy as the main positive slab reinforcement. As a result, the
only additional steel necessary in the slab is that required for shrinkage and temperature
control and, to resist negative bending over interior supports where continuous construction
is used.
(3) When the steel decks are shaped into cells, these cells serve as ducts for the distribution of
electrical, communications, and mechanical services.
(4)

Composite slabs can be made to act in a composite manner with the supporting steel floor
beams and girders similar to the way solid concrete slabs act.

Steel decks are available in a variety of shapes and sizes. They nonnally consist of cold fonned
corrugated sheets or ribbed panels to provide adequate strength during construction. Most common steel decks are either 38 or 76 mm deep and between 610 and 915 mril wide. Steel decks
commonly vary in thickness from 0.76 mm to 1.52 mm and have some type of surface finish or
coating for corrosion resistance purposes. For the steel deck to achieve the necessary composite
action between the steel and concrete, the deck must be able to resist horizontal shear and vertical separation between the concrete and steel deck. Schuster [8] recognized that there are three
different categories of decks available, which are based on the pattern of mechanical shear
transfer devices utilized. The three categories are defined as follows:
Category 1:

Steel deck profiles that provide horizontal shear capacity by means of a fixed pattern of mechanical shear devices. See Figure 4 for example.

Category 2:

Steel deck profiles that have a variable spacing of mechanical shear devices.

Category 3:

Steel deck profiles that have no mechanical shear devices and rely on chemical
bond and geometry to provide resistance.

There are different composite slab systems on the market today, each having a different
pattern of embossments or indentations. Studies have shown that all decks exhibit a similar
behaviour pattern in the shear-bond failure mode in spite of the large differences in geometries
[3,9]. As a result, general standard design expressions have been developed which contain a
number of unknown coefficients to be evaluated from laboratory perfonnance tests for each
manufacturer's product type, three of which are presented in Table 1.
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Table 1: Ultimate Shear-Bond Expressions
Expression

Source

w:

Vu
pd
-=m-+k
f.

bd

L'

C

(per thickness of steel deck)

ASCE [4]

(general expression)

CSSBI [2,3]

(per thickness of steel deck)

CSSBI [2,3]

ASCE Expression
The ASCE expression [4] currently used in the U.S. is described below in some detail.
This expression was introduced to compute the ultimate shear capacity of reinforced concrete
members without web reinforcement as a measure of diagonal tension. The development of the
expression was based on a mathematical model containing two unknown coefficients which were
statistically evaluated from test data.
The mathematical model is based on the concept of principal stresses, which can be
explained as follows:
(1)

Diagonal tension is a combined stress problem in which tensile stresses due to the combined action of bending and shear must be considered.

(2) Failure due to shear may occur with the formation of a critical diagonal crack or, if the
redistribution of internal forces is accomplished, failure may occur by shear-compression
distribution of the compression zone at a higher load.
(3) The load causing the formation of the critical diagonal tension crack must ordinarily be
considered in design as the ultimate load carrying capacity of a reinforced concrete member
without web reinforcement.
(4) The distribution of shear and flexural stresses over a cross section of reinforced concrete
are not known.
CSSBI Expression
Seleim and Schuster [3] presented an ultimate shear-bond expression requmng the
minimum possible number of laboratory performance tests. The development of the expression
is based on a mathematical model containing four unknown coefficients which are statistically
evaluated from test data. The model is based on the assumption that failure is the result of the
combined effect of moment and shear. As a result, the ultimate shear-bond resistance can be
expressed as the sum of two transverse shear components. The first component is defined as the
ultimate transverse shear capacity due to bending resistance and is assumed to be linearly related
to the deck thickness, t, and inversely related to the shear span, L'. The second component is the
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ultimate transverse shear capacity due to the interlocking shear resistance of the composite slab
and is related only to the deck thickness, t. This method has been adopted by CSSBI [2].

COLLECTION OF DATA
Data was collected from Seleim [14] detailing results of standard tests conducted on composite
slabs. These tests (the majority of which were carried out at the University of Waterloo and at
Iowa State University) were summarized according to geometry, deck type and shear-bond
failure mode of each specimen. For the purpose of this study, only decks of Category 1 were
chosen for analysis. As previosuly explained, Category 1 deck profiles provide horizontal shear
capacity and resistance to vertical separation by a fixed pattern of mechanical shear devices.
These are the most commonly used decks in the industry.
The test data were reviewed to ascertain as many data points as possible, based on the following conditions:
(1)

Only fixed pattern embossments or indentations were considered.

(2)

The specimen must have failed in shear-bond.

(3) The surface coating of specimens from a particular product type and produced by a certain
manufacturer had to be the same. Surface coating conditions have been shown to have a
significant effect on shear-bond. The types which were considered acceptable are:
wiped coating;
galvanized nominal one-half ounce per square foot;
galvanized nominal 1.25 ounces per square foot.
(4)

Shoring conditions were ignored.

(5)

Normal and lightweight concrete were treated separately.

A total of nine (9) different product types were analyzed, representing 196 separate tests.

ANALYSIS OF EXISTING DATA
Both the ASCE and CSSBI shear-bond equations were used to analyze the data. The
shear-bond line was established for each product by means of a least-squares linear regression
analysis and the unknown coefficients used in the design equations were thus determined.
For each test, the experimental shear-bond and the design shear-bond failure loads, were
tabulated as well as the ratio of mean to nominal failure, VuelVde' A histogram of the results,
VuelVde' for each of the design expressions was analyzed and fit to a lognormal distribution. The
lognormal distributions achieved were assumed to accurately represent the variation of shearbond strength.

Tail-Fitting of Test Data on Strength
As described previously, only the lower tail portion of the distributions for strength are of
critical importance since this is the portion of the distribution where failure occurs. As a result, a
distribution function was developed which provides a better fit of the lower portion of the
strength histogram. This was achieved by a procedure known as tail-fitting which involves nonlinear optimization of the difference between the probabilities of failure which are estimated
based on the assumed distribution and on the existing data.
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ASCE Versus CSSBI for Individual Deck Thicknesses
As shown in Table 1, CSSBl's general equation can be adapted to detennine the shear-bond
line for individual deck thicknesses. It is easily seen that the two equations considered are simiThis is
lar with the exception of ASCE's inclusion of the concrete compressive strength,
because the tenns (i.e., percentage area of steel multiplied by the effective depth) are constant for
individual deck thicknesses.

j;.

A summary of the results for the two expressions is given in Table 2.

Table 2: Strength Distribution Characteristics for Constant Deck Thicknesses

Number of Tests
Average VuelVde
Standard Deviation
* Average VuelVde after fitting
* Standard Deviation

ASCE [4]

CSSBI [2]

196
1.00
0.083
0.996
0.081

196
1.00
0.082
0.995
0.Q78

* Tail-fitted results
Both shear-bond expressions give similar results, indicating that there is no reason to
believe that variations in
have any significant effect on the shear-bond strength of composite
slabs. Most manufacturers provide load tables for different densities of concrete, hence, CSSBI
adopted the present expression. The "fitted" results indicate that the simpler CSSBI equation is a
good model in comparison to ASCE as evidenced by the lower standard deviation for the recommended nonnal distribution.

j;

As previously explained, the CSSBI general equation has four unknown coefficients which
must be detennined for each product from laboratory tests. Since the steel deck thickness, t, is
included as a variable parameter in the equation, and once the constants are established, the
equation can be used for all thicknesses of a manufacturer's product. Seleim and Schuster [3]
made recommendations in their study on the number of tests required to establish the equation
for a variety of situations. The constants for each product were then detennined from a random
sample of tests for each product. The characteristics of the resulting distribution for VuelVde are
given in Table 3.
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Table 3: Strength Distribution Characteristics for Variable Deck Thicknesses (CSSBI)

Mean

Traditional Statistics
Standard
Deviation

1.01

0.117

Fitted Results
Mean

Standard
Deviation

1.03

0.135

The results indicate a greater degree of variation in V uelVde than that found when individual
deck thicknesses were analyzed separately. This is expected since the evaluation of the constants
for individual deck thicknesses was done using all tests, whereas the general equation used by
CSSBI [2] was determined using the minimum specified number of tests required. Tail-fitting
resulted in an increase in both the mean and standard deviation of the traditional normal distribution.
CALmRATION OF SAFETY INDEXES
Selection of Target Safety Level
To determine the appropriate resistance factor for shear-bond failure of composite slabs,
calibration was done using the guidelines set out in Reference [7]. The calibration procedure is
based on the second-moment rationale developed by Cornell [6]. In this approach, the safety
associated with a design is expressed by a safety index, P (reciprocal of the coefficient of variation of the variable associated with the success of the design [10]). Based on CSA S408-81 [7],
a target safety index of 3.5 might be applicable, indicating that the consequences of failure could
be considered serious. In general, a target safety index of 3.5 has been selected for most situations where failure might represent a risk to life or have severe economic consequences.
Further, it could be argued that a lesser safety index (perhaps 3.0) might be more suitable
for shear-bond failure, based on the conservative approach used for testing and design of composite slabs, in combination with the unlikely possibility of shear-bond failure occurring under normal conditions. Under normal conditions, composite slabs are installed as continuous systems
where end-slip is restrained by the adjacent spans, shear connectors on beams, metal screeds
around edges and openings, etc. Research has shown that any or all of these conditions can significantly reduce the possibility of shear-bond failure prior to overall flexural failure of composite slabs. However, designers still treat composite slab design as if it were a single span element with no edge restraint, similar to that used in standard shear-bond tests [11].
Load Distributions
Much research has been done in the past to determine maximum loads which are expected
during the lifetime of a particular structure. As a result of this research, the National Building
Code of Canada [5] details the standard loads and load factors for design which give consistent
safety.
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Since composite slabs of this type are presently used almost exclusively in commercial and
residential multi-storey structures, only dead (self weight plus superimposed loads) and live
loads were considered in the analysis. Also, because these buildings do not generally experience
large live to dead load ratios (Le., in relation to floor slab weights), the following arbitrary limits
were placed on live/dead load ratios and partition load/dead load ratios:
• Live/Dead, LID, 0.5 to 5.0;
• Partition Load/Dead, D2/D, 0.0 to 0.5.
The limits described above are based on the authors observations/judgement to represent
the majority of design situations which may be encountered in practice.
The mean dead load effect, AD (taken to represent the mean to nominal ratio of actual composite slab weights) is taken as 1.05. This value was arrived at based on the combination of two
terms; fIrstly, the depth of concrete tends to be slightly greater than that specifIed due to deflection of the deck caused by the wet concrete (ponding) and, secondly, because of the tendency to
place slightly more concrete than is specifIed in design. The coefficient of variation of the calculated dead load effect was taken as VD =O.I1. This is similar to that used by Ravindra et. al. [12]
in their assessment of the bending capacity of reinforced concrete sections and is probably conservative for the case presented here.
The lifetime maximum live load intensity depends on the type of occupancy, tributary area,
and projected service life. At this time no satisfactory model to account for these factors in the
prediction of live load parameters is available [15]. For the purpose of this study, the statistical
data referenced by Siu et. al. [10] were chosen. In this case, a mean/nominal live load ratio
(AL) of 0.7 and a coeffIcient of variation of VL=0.30 were selected. Although only limited references could be found for partition loads in offIce structures, CSA S408 [7] used a mean to nominal dead load ratio, AD2 of 0.6, with a coeffIcient of variation, VD2 = 0.5.
Based on these assumptions, the nominal load effect is:

Sn=C(D+D 2 +L).
The mean load effect is,

where C is the deterministic influence coeffIcient translating load intensities to load effects.
To analyse the difference that variations in load have, the following ratios are defIned:
al =DIL

CXz=D21D

as =SISn ·
Then,

The coeffIcient of variation, Vs, was determined for each load case as follows:
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Vs

~(ADal)2VJ + (AD2al<X:2)2V62 + Alvl
(ADal + AD2a l<X:2 + AL)

=- - - - - - - - - - - - - -

In addition, for the load ratios chosen, AF (the ratio of factored load to nominal load) had to be
determined for the standard dead load factor of aD = 1.25 and live load factor of aL = 1.5 [5]. It
is taken as:

Strength Distribution

The resistance of a structural member to general yielding can be expressed as
R =MFPRn

where Rn = nominal value predicted for R, M is a material property (shear-bond strength), F is a
geometric and fabrication property such as slab depth or shear length, and P represents the accuracy of resistance formula. Each of these parameters is subject to uncertainty. Based on existing
information and on the results of the analysis summarized in Table 3, the following probabilistic
assumptions are made under static loading conditions:
The lognormal distribution developed from the use of the CSSBI equation in determining
the design shear-bond (Le., MeanlNominal Strength, MP = 1.03 and Coefficient of Variation, VMP = 0.131) is considered to account for the uncertainties due to material strength
and modelling error, that is, the combination of variables M and P. The variability of
geometry is assumed to have very little effect on these distributions due to the accuracy of
the measurements taken in the laboratory.
Research by Klaiber et. al. [13] concerning the accuracy of the assumption that the shear
length can be taken as one-quarter the span length for uniformly distributed loads has
shown that this tends to be slightly conservative. A mean to nominal factor of 0.9L' was
therefore used to account for this conservativeness. A coefficient of variation of 0.10 was
also assumed to account for the deviations of the mean loading distributions from the nominal uniform loading.
The mean depth was assumed to be 5% greater than that specified in design due to the
deflection of the steel decks caused by the wet concrete (ponding) and because of the tendency to place slightly more concrete than is specified in design. A coefficient of variation
of 0.1 has been selected. Most studies put an estimate of between 0.07 and 0.1 for dead
load and hence, depth on reinforced concrete members [7,12].
The thickness of the steel decks was taken to have a mean/nominal ratio of 1.0 with a variation of 0.05. This was based on studies by Rang et. al. [16] which have been utilized in the
calibration of safety indexes for cold-formed steel. Although estimates of mean/nominal
ratios for steel thickness range from 1.02 to 1. 05, 1.0 has been selected for the sake of conservatism and in light of present tolerance provisions in the industry. However, no attempt
has been made to account for practices where order thickness is less than design nominal
thickness.
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The fabrication variable, F, was estimated by using the CSSBI shear-bond expression:
klt+k2
)
Vud=bd [-U-+k3t+k4

in which (k1t + l0.) and (k3t + k~ are constants for a given design case, and V ud ,d,t and L' are
variable parameters whose effect must be detennined. By substituting L' = .9L~ and d = 1.05dn
into the equation, Vu can be detennined and thus estimates made for the mean to nominal
strength contribution of F. The standard deviation for each case was estimated in a similar
manner. The results are shown in Table 4. The average values of mean to nominal ratio and
associated variation are taken for each product.
Table 4: Estimated Distribution Parameters for Geometry Variables of F
Product

Mean to Nominal Ratio for F

Vp

1
2
3
4
5
6
7
8
9

1.12
1.15
1.13
1.13
1.11
1.10
1.09
1.15
1.15

0.122
0.151
0.130
0.130
0.111
0.100
0.097*
0.163*
0.160

Average

1.13

0.129

The average values were chosen to represent the fabrication and geometry variations.
However, the maximum and minimum values obtained were also analyzed to ensure that adequate safety is maintained for all products. Another variable which is known to have a significant effect on the shear-bond strength is the embossment depth. At this time there is no available data to assess the effect of embossment depth on strength. Also, its effect on strength is a
function of additional factors such as web inclination, location, Olientation, etc. Based on the
authors experience, an additional mean/nominal ratio of 0.97 was assigned to reflect the possibility that embossment depths are probably slightly less (on average) than that used in product testing programs. A conservative coefficient of variation of 0.10 was selected to represent me variation of its effect on different products.
The resulting coefficients used to represent F are as follows:
Fmax

= 1.12, V pmax = .19;

Fave =

Fmin

1.10, Vpave = .16;

= 1.06, VPmin = .14.

19
By combining these results with those obtained for MP, the following estimates are recommended for representation of the shear-bond strength.

Table 5: Recommended Strength Parameters

Minimum
Average
Maximum

1.03
1.13
1.15

.19
.21
.23

These parameters were used to represent the strength distribution in the calibration procedure.
They are considered to combine the effects of variables M,F and P and are denoted herein as AR'

Selection of Resistance Factor
Results
The objective of this study was to assess the resistance factor that consistently produces the
desired safety over the range of loading combinations which can reasonably be expected to occur
throughout the life of the structure.
To calculate the safety index,
described, we have:

/3,

over the variety of loading conditions previously

if = ARRn = ARApSn/$

S =AS Sn
The safety index can then be determined from,
P )
ARAIn [-

AS$

/3= ~vi+ vj
The results of the calibration procedure are summarized in Table 6.

Table 6: Calculated Safety Indexes Versus Resistance Factor
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Resistance Factor

Safety Index,

13

Minimum

A~rage

Maximum

<I>

RIRn

RIR n

RIR n

0.75

3.30

3.41

3.33

0.70

3.57

3.71

3.57

The values given are the average safety indexes calculated over a range of loading conditions, with chosen resistance factors of 0.7 and 0.75, respectively. Table 7 highlights the safety
indexes, 13, for the average case where the resistance factor, <1>, has been chosen to be 0.7. The
results indicate that a fairly consistent factor of safety or safety index is achieved throughout the
spectrum of load conditions assumed in this study.

Table 7: Safety Indexes for a Range of Load Conditions
Superimposed
DeadlDead
Load Ratio

DeadlLive Load Ratio (D/L)

D2/D

0.20

0.25

0.33

0.50

0.67

1.00

2.00

0.00

3.62

3.65

3.70

3.74

3.75

3.72

3.52

0.10

3.64

3.68

3.73

3.78

3.79

3.75

3.54

0.20

3.67

3.71

3.76

3.80

3.81

3.76

3.53

0.30

3.69

3.73

3.78

3.82

3.82

3.75

3.50

0.40

3.71

3.75

3.80

3.83

3.82

3.73

3.46

0.50

3.73

3.77

3.81

3.83

3.81

3.71

3.41

SUMMARY AND CONCLUSIONS
In Canada, Limit States Design is the governing structural design philosophy. Similar LSD
approaches have been fonnalized by European structural design standards and to varying degrees
throughout the world. Common features of such LSD Standards are the use of probability theory
as a means of dealing with uncertainty and variability, the use of calibration to older standards in
order to take advantage of their hidden subjective elements and to avoid sudden drastic change in
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designs of and the use of partial safety factors to achieve consistent design safety. The methods
utilized assume that failure due to gross error is prevented by inspection and quality control
measures. Safety factors can only incidentally be counted on to neutralize human error.
Based on a dead load factor of 1.25 and a live load factor of l.5, as specified in the
National Building Code of Canada, 196 test results representing 9 different product types were
used in the reliability analysis to determine a reasonable resistance factor for the shear-bond
mode of failure. The results indicate that a resistance factor of 0.7 results in an average calculated safety index of 3.7l. This corresponds well with the target safety index of 3.5.
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Figure 4 - Examples of Actual Category 1 Composite Steel Decks.

